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(57) ABSTRACT

A method for manufacturing an inductor i1s performed in
such a manner that the surface of a metal wire provided with
an 1nsulating film thereon 1s coated with a thermal melting,
resin. The thickness of the thermal melting resin 1s, for
example, approximately 1 um. As the thermal melting resin,
a thermoplastic resin or a thermosetting resin, such as a
polyimide resin or an epoxy resin, containing 85 wt % of a
powdered ferrite 1s used. This coated metal wire 1s densely
wound to form a solenoid-type coil conductor. Next, the
thermal melting resin 1s softened by a heat treatment at, for
example, 180° C. and is then solidified by spontaneous
cooling. Accordingly, the portions of the coil conductor
adjacent to each other are bonded together by the thermal
melting resin.

13 Claims, 4 Drawing Sheets
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METHOD FOR MANUFACTURING AN
INDUCTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to inductors, and more
particularly, relates to a high-current inductor preferably for
use 1n eliminating noise transmitted to and generated from
clectronic apparatuses and other devices, and to a manufac-
turing method for such an inductor.

2. Description of the Related Art

Recently, in accordance with the trends towards minia-
turization of circuits, higher integration thereof, and high
frequency processing, high-current inductors that are com-
pact and surface-mountable have been increasingly in
demand. Conventional inductors include a wire-wound
inductor having a coil conductor embedded 1n an encapsu-
lating molded body. This wire-wound 1nductor 1s manufac-
tured by densely winding a metal wire having an msulating
f1lm thereon without forming spaces between portions of the
metal wire adjacent to each other to form a solenoid-type
coil conductor, placing the coil conductor 1n a molding die,
and 1njecting an encapsulating resin in the molding die so as
to form an encapsulating molded body having the coil
conductor embedded therein.

However, according to this method for manufacturing a
conventional wire-wound inductor, when a thin metal wire
1s used for forming a solenoid-type coil conductor, 1t is
difficult for the coil conductor to retain its shape by 1itself,
and as a result, deformation of the coil conductor 1s likely to
occur. Accordingly, when these coil conductors are fed 1n an
automated manufacturing line, the coil conductors are
deformed, and hence, an automated machine such as a coil
inserting machine becomes unable to place the coil conduc-
tors 1n molding dies, which causes many problems such as
automated manufacturing lines being mterrupted, and other
significant problems.

SUMMARY OF THE INVENTION

In order to overcome the problems described above,
preferred embodiments of the present invention provide an
inductor which has a greatly improved shape retaining
property, 1s superior 1n mass-productivity, and 1s easily and
ciiectively applied to an automated manufacturing line, and
also provide a method of manufacturing such an inductor.

According to a preferred embodiment of the present
invention, a method for manufacturing an inductor includes
the steps of coating the surface of a metal wire having an
insulating film thereon with a thermal melting resin to form
a coated metal wire, winding the coated metal wire to form
a solenoid-type coil conductor, performing a heat treatment
on the coil conductor to soften the thermal melting resin so
that portions of the coil conductor adjacent to each other are
bonded together by the thermal melting resin, molding a
resin containing magnetic powder 1nto an encapsulating
molded body having a predetermined shape so as to encap-
sulate the coil conductor, and providing external terminal
clectrodes on surfaces of the encapsulating molded body so

as to be electrically connected with the ends of the coil
conductor.

In the method described above, as the thermal melting
resin, for example, a thermoplastic resin or a thermosetting
resin may be used. In addition, the thermal melting resin
may include magnetic powder.
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According to the method described above, since the
portions of the solenoid-type coil conductor adjacent to each
other are bonded together by the thermal melting resin, the
shape of the solenoid-type coill conductor is maintained
reliably. As a result, the coil conductor 1s easily handled in
a backend process, and interruption of a manufacturing
facility caused by the deformation of the coil conductors is
prevented.

According to another preferred embodiment of the present
invention, an inductor includes an encapsulating molded
body including a resin containing magnetic powder, a
solenoid-type coil conductor encapsulated 1n the encapsu-
lating molded body, external terminal electrodes which are
provided on surfaces of the encapsulating molded body and
which are electrically connected with the ends of the coil
conductor, wherein the coil conductor 1s coated with a
thermal melting resin and portions of the coil conductor
adjacent to each other are bonded together by the thermal
melting resin, and the mside and the outside of the solenoid
portion of the coil conductor are filled with the resin
containing the magnetic powder.

According to the unique structure of the preferred
embodiment of the inductor described above, since the
portions of the coil conductor adjacent to each other are
bonded together by the thermal melting resin containing no
magnetic powder, the magnetic resistance between the por-
fions of the coil conductor adjacent to each other 1s greatly
increased, and hence, a short path of the magnetic flux 1s
prevented. As a result, most of the magnetic flux passing
inside the solenoid portion of the coil conductor contributes
to the mmductance, and hence, DC superposition character-
istics of the inductor are greatly improved.

Other features, elements, characteristics and advantages
of the present invention will become more apparent from the
detailed description of preferred embodiments below with
reference to the attached drawings.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a metal wire for
illustrating a method for manufacturing an inductor accord-
ing to a preferred embodiment of the present invention;

FIG. 2 1s a front view showing a coil conductor for
illustrating a step subsequent to that shown 1n FIG. 1;

FIG. 3 1s a cross-sectional view showing the coil conduc-
tor before and after a heat treatment for illustrating a step
subsequent to that shown in FIG. 2;

FIG. 4 1s a perspective view showing an encapsulating,
molded body encapsulating the coil conductor for illustrat-
ing a step subsequent to that shown i FIG. 3;

FIG. 5 1s a partial view of the inductor for illustrating a
step subsequent to that shown 1n FIG. 4;

FIG. 6 1s a cross-sectional view showing a state of a
magnetic flux inside the inductor shown 1 FIG. 5; and

FIG. 7 1s a cross-sectional view showing a modified
example of the inductor shown 1n FIG. 5.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Heremafter, an inductor and a manufacturing method
therefor according to preferred embodiments of the present
invention will be described with reference to accompanying
drawings.

As shown 1n FIG. 1, a metal wire 1 provided with an
insulating film 2 thereon 1s first prepared. As the metal wire
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1, for example, a metal of about 200 um 1n diameter
including at least a material selected from the group con-
sisting of Ag, Pd, Pt, Au, and Cu, or an alloy wire containing
at least one metal mentioned above 1s preferably used.
However, other suitable materials may also be used. As the
insulating film 2, for example, a resin such as a polyester
resin or a polyamide-imide resin, or other suitable material,
1s preferably used. A thermal melting resin 3 1s coated on the
surface of the insulating film 2 covering the metal wire 1.
The thickness of the thermal melting resin 3 1s, for example,
approximately 1 um. As the thermal melting resin 3, a
thermosetting resin or a thermoplastic resin, such as an
epoxXy resin or a polyimide resin, containing powdered
ferrite at a ratio of about 85 wt % 1s preferably used. Other
suitable materials and compositions for the thermal melting
resin 3 may also be used. Since heat 1s applied thereto 1n an
injection molding step of a backend process, the thermal
melting resin 3 1s preferably formed of a thermosetting resin.

Next, this mnsulated metal wire 1 1s densely wound as
shown 1n FIG. 2 so as to form a solenoid-type coil conductor
10. The solenoid portion 11 of the coil conductor 10 pref-
erably has a diameter D of approximately 2.2 mm and a
length L of approximately 4.6 mm. Both ends of the solenoid
portion 11 are linear lead portions 12.

Next, as shown 1n FIG. 3, the thermal melting resin 3 1s
softened by performing a heat treatment on the coil conduc-
tor 10 at, for example, about 180° C. and is then solidified
by spontancous cooling. As a result, the portions of the coil
conductor 10 adjacent to each other are bonded together by
the thermal melting resin 3.

Subsequently, the coil conductor 10 1s placed 1n a molding
die (not shown) preferably formed of polystyrene so that the
coll axis 1s 1n conformity with the axis of the molding die.
In this step, when an alignment hole 1s provided in the
molding die for placing the lead portions 12 of the coil
conductor 10, the coil conductor 10 can be easily placed at
a predetermined position 1n the molding die.

In the molding die receiving the coil conductor 10 therein,
a molding compound (slurry) is injected. The molding
compound 1s preferably formed by compounding a synthetic
resin, such as an epoxy resin, a polyphenylene sulfide resin,
or a polyethylene terephthalate resin, as a primary
component, a dispersing agent, and a powdered N1—Cu—
Zn—based ferrite. After the molding compound 1s solidified,
the molded body 1s removed from the molding die, whereby
a chip-type encapsulating molded body 15 having insulating
properties and having a substantially rectangular parallel-
epiped shape as shown 1n FIG. 4 1s obtained, and 1s formed
of the resin containing the ferrite therein. The inside and
outside of the solenoid portion 11 of the coil conductor 10
are filled with the resin containing the powdered ferrite.

Subsequently, the resin containing the powdered ferrite at
both ends of the encapsulating molded body 15 1s removed
by using a sand blast method or other suitable method so that
the end areas of the lead portions 12 of the coil conductor 10
are exposed, and 1n addition, the insulating film 2 and the
thermal melting resin 3 covering the lead portions 12 thus
exposed are also removed.

Next, on the entire encapsulating molded body 15, an
clectroless plating film including Ni, Cu, or other suitable
material 1s formed, in which the thickness thereof 1s prel-
erably approximately 1 um or less. A resist 1s then applied
to the both ends of the encapsulating molded body 15, and
an eclectroless plating film formed on unnecessary areas 1s
removed by etching. The resist 1s then removed, and an
clectroplating film including Cu, N1, Sn, Pb—Sn, Ag, Pd, or
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other suitable material 1s formed to have a thickness of
approximately 15 um to approximately 20 um 1n consider-
ation of the solderability, loss of effective area of electro-
plating film caused by soldering, and other factors.
Consequently, as shown 1n FIG. 5, external terminal elec-
trodes 21 and 22 are formed on the both ends of the
encapsulating molded body 15 so as to be in electrical
contact with the lead portions 12 of the coil conductors 10.

According to the manufacturing method described above,
since the portions of the solenoid-type coil conductor 10
adjacent to each other are bonded together by the thermal
melting resin 3, the coil conductor 10 has a greatly improved
shape retaining property, and hence, the handling of the coil
conductor 10 1n the backend process 1s much easier and
error-free.

In addition, examples of the coil conductors 10 according
to preferred embodiments of the present invention were fed
in an automated manufacturing line, and the number of
interruption of the automated manufacturing line, caused by
a coll mserting machine which i1s unable to place the coil
conductor 10 in the molding die due to the deformation of
the coil conductors 10, was counted. According to the
results, almost no interruptions of the automated manufac-
turing line caused by the deformation of the coil conductors
10 were observed. In contrast, in the case of a conventional
coll conductor 1n which the adjacent portions are not bonded
together, during an 8-hour operation of the automated manu-
facturing line, the interruption caused by the deformation of
the coil conductors occurred 5 to 100 times.

In addition, since the thermal melting resin contains a
powdered ferrite, decreases 1in mnductance and 1mpedance do
not occur. More specifically, the impedance of an obtained
wire-wound inductor 30 1s about 700 €2, which 1s equivalent
to that of a conventional inductor without using a thermal
melting resin.

However, a powdered ferrite 1s contained in the thermal
melting resin 3, a short path flux ®2 may be generated in
some cases as shown m FIG. 6. Accordingly, in order to
suppress this short path flux ®2, as shown i FIG. 7, the
portions of the solenoid-type coil conductor 10 adjacent to
cach other may be bonded together by using a thermal
melting resin 3a containing no powdered ferrite. As a result,
since a non-magnetic resinous layers are formed between the
portions of the coil conductor 10 adjacent to each other, the
magnetic resistance between the portions described above 1s
increased, and hence, the short path flux ®2 can be sup-
pressed. Consequently, most of the flux ®1 passing inside
the solenoid portion 11 of the coil conductor 10 contributes
to the inductance, and as a result, superior DC superposition
characteristics can be obtained.

The mnductor and the manufacturing method therefor of
the present mvention are not limited to preferred embodi-
ments described above and may be variously modified
within the scope of the present invention. For example, the
encapsulating molded body may have a substantially circu-
lar cross-section or other configuration in addition to a
substantially rectangular cross-section, and the cross-section
of the solenoid portion of the coil conductor may be sub-
stantially circular, substantially rectangular, or other suitable
shape.

As has thus been described, according to the present
invention, since the portions of the solenoid-type coil con-
ductor adjacent each other are bonded together by the
thermal melting resin, the shape retaining property of the
coil conductor 1s greatly improved. As a result, the coil
conductor 1s easily handled in the backend process, and
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interruption of the manufacturing facility or manufacturing
processes caused by the deformation of the coil conductor 1s
prevented.

In addition, since the portions of the coil conductor
adjacent to each other are bonded together by the thermal
melting resin containing no magnetic powder, the magnetic
resistance between the portions of the coil conductor adja-
cent to each other 1s increased, and hence, the short path of
the magnetic flux 1s prevented. Consequently, most of the
magnetic flux passing mside the solenoid portion of the coil
conductor contributes to the inductance, and as a result,
superior DC superposition characteristics are achieved.

While preferred embodiments of the invention have been
described above, 1t 1S to be understood that variations and
modifications will be apparent to those skilled in the art
without departing the scope and spirit of the invention. The
scope of the 1invention, therefore, 1s to be determined solely
by the following claims.

What 1s claimed 1s:

1. A method for manufacturing an inductor, comprising
the steps of:

coating a surface of a metal wire having an insulating film
therecon with a thermoplastic resin containing magnetic
powder to form a coated metal wire;

winding the coated metal wire 1n a single layer to form a
solenoid-type coil conductor which 1s hollow in the
inside of the solenoid-type coil conductor;

performing a heat treatment on the coil conductor to
soften the thermoplastic resin so that portions of the
coill conductor that are adjacent to each other are
bonded together by the thermoplastic resin;

filling a resin containing magnetic powder by 1njection-
molding 1nside and outside the solenoid-type coil con-
ductor which 1s placed within a molding die to from an
encapsulating molded body having a predetermined
shape so as to encapsulate the coil conductor;

removing the encapsulating molded body from the mold-
ing die; and

providing external terminal electrodes on surfaces of the
removed encapsulating molded body so as to be elec-

trically connected with the ends of the coil conductor;
wherelin

the steps of winding the coated metal wire, performing,

heat treatment and filling a resin are performed 1n this
order.

2. A method for manufacturing an inductor according to

claim 1, wherein the metal wire has a diameter of about 200

um.
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3. A method for manufacturing an inductor according to
claim 1, wherein the metal wire includes a material selected
from the group consisting of Ag, Pd, Pt, Au, and Cu.

4. A method for manufacturing an inductor according to
claim 1, wherein the insulating film 1s made of one of a
polyester resin and a polyamide-imide resin.

5. A method for manufacturing an inductor according to
claim 1, wherein the thickness of the thermoplastic resin 1s
approximately 1 um.

6. A method for manufacturing an inductor according to
claim 1, wherein the resin includes one of an epoxy resin and
a polyimide resin, containing powdered ferrite at a ratio of

about 85 wt %.
7. A method for manufacturing an imnductor according to

claim 1, wherein the step of performing the heat treatment
includes softening the thermoplastic resin by heating the coil
conductor at a temperature of about 180° C.

8. A method for manufacturing an imnductor according to
claim 7, further comprising the step of solidifying the
thermoplastic resin via cooling the thermoplastic resin after
the heat treatment.

9. A method for manufacturing an inductor according to
claim 1, wherein the step of filling includes using a molding
compound that 1s formed by compounding one of a synthetic
resin and a polyethylene terephthalate resin as a primary
component, a dispersing agent, and a powdered N1—Cu—
/n—Dbased ferrite.

10. A method for manufacturing an inductor according to
claim 1, further comprising the step of removing the resin
containing the powdered ferrite at both ends of the encap-
sulating molded body before the step of providing the
external terminal electrodes.

11. A method for manufacturing an inductor according to
claim 1, wherein the step of providing the external terminal
clectrodes includes forming an electroless plating film on
ends of the encapsulating molded body, forming a resist on
both ends of the encapsulating molded body, removing
unnecessary portions of the electroless plating film, and
removing the resist.

12. A method for manufacturing an inductor according to
claim 1, wherein the step of winding the coated metal wire
includes the step of densely winding the coated metal wire
such that adjacent portions of the thermoplastic resin are in
contact with one another.

13. A method for manufacturing an inductor according to
claim 1, wherein the step of winding the coated metal wire
includes the step of winding the metal wire such that no
portion of the metal wire overlaps another portion of the
metal wire 1in a radial direction thereof.
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